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Charqui is a fermented, salted and sun-dried meat product, widely consumed in Brazil and exported to
several countries. Growth of microorganisms in this product is unlikely due to reduced Aw, but halophilic
and halotolerant bacteria may grow and cause spoilage. Charqui is a good source of lactic acid bacteria
able to produce antimicrobial bacteriocins. In this study, an autochthonous bacteriocinogenic strain
(Lactococcus lactis subsp. lactis 69), isolated from charqui, was added to the meat used for charqui
manufacture and evaluated for its capability to prevent the growth of spoilage bacteria during storage up
to 45 days. The inﬂuence of L. lactis 69 on the bacterial diversity during the manufacturing of the product
was also studied, using denaturing gradient gel electrophoresis (DGGE). L. lactis 69 did not affect the
counts and diversity of lactic acid bacteria during manufacturing and storage, but inﬂuenced negatively
the populations of halotolerant microorganisms, reducing the spoilage potential. The majority of tested
virulence genes was absent, evidencing the safety and potential technological application of this strain as
an additional hurdle to inhibit undesirable microbial growth in this and similar fermented meat
products.
© 2014 Elsevier Ltd. All rights reserved.1. Introduction
Charqui is a traditional salted and dried meat product largely
consumed in Brazil and exported to several countries. For pro-
duction, deboned meat muscles are injected with a brine solution,
added of coarse marine salt and piled up on concrete ﬂoors to let
juices drain out. The piles are inverted every 24 h for several days,
and in the ﬁnal step, the salted meat pieces are exposed to the sun
on rails until Aw decreases to 0.7e0.8. At night, the meat pieces are
removed from the rails and piled up. The whole process can take up
to 10 days. All steps are carried out at room temperature. The ﬁnal
product is shelf-stable and can be storedwithout refrigeration up to
six months. The unique sensorial features of charqui are generated
during fermentation carried out by autochthonous: þ55 11 3815 4410.microorganisms, mainly Lactobacillus, Pediococcus,Micrococcus and
Staphylococcus (Pinto et al., 2002).
Due to the lowAw, the growth ofmicrobial pathogens in charqui
is very unlikely, but halophilic and halotolerant spoilage bacteria,
coming from the salt used in the manufacture of the product, can
grow (Youssef et al., 2007). The halotolerant Halobacterium
cutirubrum causes changes in odor and appearance of slime and red
spots on the product surface (Shimokomaki et al., 1998; Pinto et al.,
2002).
Recently, Biscola et al. (2013) reported that charqui is a good
source of bacteriocinogenic lactic acid bacteria (LAB) capable of
inhibiting the growth of spoilage halotolerant bacteria. The objec-
tive of the present study was to add one of these bacteriocinogenic
strains (Lactococcus lactis subsp. lactis 69) to charqui and evaluate
its ability to prevent the growth of spoilage bacteria during storage
up to 45 days and its inﬂuence on the bacterial diversity during the
manufacturing of the product. This diversity was evaluated using
denaturing gradient gel electrophoresis (DGGE), one of the most
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food fermentations (Ercolini, 2004; Cocolin et al., 2009; Tu et al.,
2010), with the advantage of detecting non-culturable microor-
ganisms (de Vuyst and Vancanneyt, 2007; Ruiz et al., 2012). The
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checked by investigation of virulence genes.First dry saltingc
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Fig. 1. Charqui processing ﬂowchart (adapted from Shimokomaki et al., 1998), showing
the sampling points (a to i) for microbiological testing and DGGE.2. Material and methods
2.1. Preparation of inocula for experimental contamination
The potential application of L. lactis 69 to prevent charqui
spoilage was evaluated with two pools of halotolerant bacteria
previously isolated from the product presenting the characteristic
red spoilage (Biscola et al., 2013). The halotolerant strains have
been identiﬁed by ampliﬁcation and sequencing of 16S rDNA
Biscola et al. (2013). One pool contained nine strains of medium
halotolerant bacteria, able to grow in medium with 3% salt, and
consisted of ﬁve strains of Staphylococcus xylosus, two strains of
Staphylococcus pasteuri, one strain of Staphylococcus warneri and
one strain of Staphylococcus sp. The other pool contained nine
strains of highly halotolerant bacteria, able to grow inmediumwith
10% salt, and consisted of four strains of S. xylosus, one strain of
Staphylococcus saprophyticus and four strains of Staphylococcus sp.
The medium halotolerant bacteria were grown individually in 5 mL
of Tryptone Soya Broth (TSB) (Oxoid, Basingstoke, UK) containing
3% (w/v) NaCl (Synth, Diadema, Brazil) at 37 C for 24 h, and highly
halotolerant bacteria were grown individually in 5 mL of TSB con-
taining 10% (w/v) NaCl at 37 C for 24 h. The two pools were pre-
pared mixing 5 mL of each individual culture, achieving a ﬁnal
population of 108 CFU/mL.
The bacteriocin-producing strain used in the study was a Lac-
tococcus lactis subsp. lactis strain (L. lactis 69), isolated from charqui
(Biscola et al., 2013). For application in the charqui manufacture,
L. lactis 69 was grown in de Man, Rogosa and Sharp (MRS) broth
(Oxoid, Basingstoke, UK) at 30 C for 24 h, to a ﬁnal population of
109 CFU/mL.2.2. Charqui manufacture
Charqui was manufactured in the pilot plant of a meat industry
located in S~ao Paulo, Brazil, following as closely as possible the
procedure described by Shimokomaki et al. (1998), using six pieces
of Vastus lateralis (commonly known as knuckle). Each piece
weighed approximately 5 kg and thickness varied from three to ﬁve
cm. The raw meat pieces were injected with a 25% NaCl (w/v) brine
solution at 20% (v/w) using an automatic injector and piled on a
concrete ﬂoor, separated from each other by a 1 mm thick layer of
coarse marine salt. After 24 h, the piles were inverted and
restacked, so that the uppermost pieces were repositioned at the
bottom of the new piles. At each repositioning, the salt layers be-
tween the meat pieces were renewed. This procedure was repeated
every 24 h for ﬁve days. The meat pieces were then washed to
remove the excess salt, transferred to stainless steel rails and let
sun-dry for 3e5 days, until moisture reached 45% and Aw 0.7e0.75.
At night, the meat pieces were removed from the rails, piled on a
concrete ﬂoor and covered with a canvas. All processing steps
occurred at room temperature. The ﬁnal product was packed in
plastic bags and stored at room temperature. Fig. 1 shows a
simpliﬁed ﬂowchart of charqui processing.
Two lots of charqui were manufactured: one control lot, added
of the two pools of halotolerant microorganisms (approx. 105 CFU/
mL) and one test lot, added also of the bacteriocin-producing
L. lactis 69 culture (approx. 106 CFU/mL). The microbial cultureswere added to the brine immediately before its injection in the raw
meat pieces (45 mL of each pool in 45 L of brine).
The experiments were carried out as three independent repli-
cates, i.e., each lot of charqui (control and test) was prepared three
times, in different days.2.3. Evaluation of the activity of L. lactis 69 against halotolerant
bacteria in charqui
The activity of L. lactis 69 against halotolerant bacteria was
evaluated in the meat in following steps of the manufacturing
process (Fig. 1): after injection of brine, after dry salting, at the end
of the dry salting steps, after sun drying, and after 5, 10, 25 and 45
days of storage. Enumeration of LAB in the product was performed
in all these steps and also in the raw meat. At each sampling step,
two analytical samples (duplicates) were withdrawn with a sterile
knife and transferred separately to sterile plastic bags. Twenty-ﬁve
grams of each analytical sample were transferred to a sterile plastic
bag and stomached with 225 mL of sterile peptone water (0.1% w/
v). The homogenates were subjected to serial decimal dilutions in
sterile peptone water (0.1% w/v), and submitted to counts of hal-
otolerant bacteria by plating in Tryptone Soya Agar (TSA) (Oxoid,
Basingstoke, UK) containing 3% NaCl (w/v) and in TSA containing
10% NaCl (w/v) for enumeration of medium and highly halotolerant
bacteria, respectively (Pinto et al., 2002). Enumeration of LAB was
performed by plating on MRS Agar (Oxoid, Basingstoke, UK), as
described by Hall et al. (2001). Results were expressed as log CFU/g
and corresponded to the average of three independent
experiments.
Results for test and control samples were compared using
variance analysis and Tukey test (Statistica 7.0, 2004) and p < 0.05
as signiﬁcance.2.4. Evaluation of the effect of L. lactis 69 on the microbial diversity
in charqui by DGGE
The microbial diversity present in the meat at the sampling
points indicated in Fig. 1 was evaluated by denaturing gradient gel
electrophoresis (DGGE) analysis focusing the 16S rDNA V3 region,
V. Biscola et al. / Food Microbiology 44 (2014) 296e301298as described by Abriouel et al. (2006). Ten grams of each sample
were stomached with sterile saline solution (0.85% w/v), and
mixtures were centrifuged at 800 g for 1 min at 25 C for removal
of meat debris. The supernatants were submitted to a new centri-
fugation step at 12,000  g for 10 min at 25 C. Total bacterial DNA
was extracted from the cells in the pellets using a combination of
lysozyme, mutanolysin, proteinase K, isopropanol and phenol/
chloroform (all from Sigma, Madrid, Spain), as described by Ampe
et al. (1999). After each extraction, the DNA concentration was
determined using NanoDrop 2000 (Thermo Scientiﬁc, USA).
Extracted DNA was subjected to two successive PCR ampliﬁca-
tions (nested PCR), according to Abriouel et al. (2006), using the
primers described by Ogier et al. (2002). The ﬁrst ampliﬁcation
aimed a 700 bp fragment of the 16S rDNA containing the V3 region,
and was done using primersWO1 andWO12 (Table 1). The reaction
mixture (50 mL, ﬁnal volume) contained 50 ng of DNA template,
1.5 mM of MgCl2, 5 mL of Taq polymerase buffer, 2.5 U of Taq po-
lymerase, 200 mM of each deoxynucleoside triphosphate and
60 pmol of each primer (Table 1). The ampliﬁcation program
comprised a ﬁrst denaturation step at 96 C for 2 min, followed by
30 cycles of 96 C for 1 min (denaturation), 50 C for 30 s
(annealing) and 72 C for 1 min (extension) with a ﬁnal extension
step at 72 C for 2 min. The ampliﬁed products were separated by
electrophoresis on 1.0% agarose gels in 1  TBE (Tris-borate EDTA,
pH 8.0) buffer (Sigma, New York, USA) and the gels were stained in
TBE buffer containing 0.5 mg/mL ethidium bromide (Sigma, New
York, USA).
In the second ampliﬁcation, the 700 bp fragment was used as
template to amplify the V3 region, using the primers HDA1-GC and
HDA2 described in Table 1. The reaction mixture (50 mL, ﬁnal vol-
ume) contained 1 mL of the ampliﬁed 700 bp fragment, 1.5 mM ofTable 1
Primers used in this study.
Target PCR primers (5' e 3')
700 pb fragment
from 16S rDNA
WO1: AGA GTT TGA TC[AC] TGG CTC
WO12: TAC GCA TTT CAC C[GT]C TAC A
300 pb V3 region
from 16S rDNA
HDA1a: ACT CCT ACG GGA GGC AGC AGT
HDA2: GTA TTA CCG CGG CTG CTG GCA C
Vancomycin
resistance
gene (vanA)
VAN-AF: TCT GCA ATA GAG ATA GCC GC
VAN-AR: GGA GTA GCT ATC CCA GCA TT
Vancomycin
resistance
gene (vanB)
VAN-BF: GCT CCG CAG CCT GCA TGG ACA
VAN-BR: ACG ATG CCG CCA TCC TCC TGC
Adhesin of collagen
protein gene (ace)
ACE-F: GAA TTG AGC AAA AGT TCA ATC G
ACE-R: GTC TGT CTT TTC ACT TGT TTC
Endocarditis antigen
gene (efaA)
EFA-AF: GCC AAT TGG GAC AGA CCC TC
EFA-AR: CGC CTT CTG TTC CTT CTT TGG C
Aggregation substance
gene (asa1)
ASA 11: GCA CGC TAT TAC GAA CTA TGA
ASA 12: TAA GAA AGA ACA TCA CCA CGA
Gelatinase gene (gelE) GEL 11: TAT GAC AAT GCT TTT TGG GAT
GEL 12: AGA TGC ACC CGA AAT AAT ATA
Cytolysin gene (cylA) CYT I: ACT CGG GGA TTG ATA GGC
CYT IIb: GCT GCT AAA GCT GCG CTT
Enterococcal surface
protein gene (esp)
ESP 14F : AGA TTT CAT CTT TGA TTC TTG G
ESP 12F : AATTGATTCTTTAGCATCTGG
Hyaluronidase gene
(hyl)
HYL n1: ACAGAAGAGCTGCAGGAAATG
HYL n2: GAC TGA CGT CCA AGT TTC CAA
Histidine decarboxylase
gene (hdc)
JV16HC: AGA TGG TAT TGT TTC TTA TG
JV17HC: AGA CCA TAC ACC ATA ACC TT
106: AAY TCN TTY GAY TTY GAR AAR GAR G
107: ATN GGN GAN CCD ATC ATY TTR TGN CC
Tyrosine decarboxylase
gene (tdc)
P1: CCR TAR TCN GGN ATA GCR AAR TCN GTR TG
P2: GAY ATN ATN GGN ATN GGN YTN GAY CAR G
Ornithine decarboxylase
gene (odc)
3: GTN TTY AAY GCN GAY AAR CAN TAY TTY GT
16: TAC RCA RAA TAC TCC NGG NGG RTA NGG
a A GC clamp was attached to the 5' end of primer HDA1 to obtain primer HDA1-
GC (GC clamp sequence: 5' CGC CCG GGG CGC GCC CCG GGC GGG GCG GGG G).MgCl2, 5 mL of Taq polymerase buffer, 2.5 U of Taq polymerase,
200 mM of each deoxynucleoside triphosphate and 60 pmol of each
primer. The ampliﬁcation programwas 94 C for 2 min; 30 cycles of
94 C for 1 min, 60 C for 30 s, and 72 C for 1 min; and ﬁnally, 72 C
for 7 min. The ampliﬁed products were separated by electropho-
resis on 2.0% agarose gels in 1  TBE buffer and the gels were
stained in TBE buffer containing 0.5 mg/mL ethidium bromide.
DGGE was carried out on a Dcode™ Universal Mutation Detec-
tion System (Bio-Rad, Richmond, Ca), as described by Abriouel et al.
(2006). Brieﬂy, aliquots (40 mL) of the PCR products containing the
ampliﬁed V3 region were loaded on 8% (w/v) polyacrylamide gels,
in TAE buffer (40 mM Tris, 20 mM glacial acetic acid, 1 mM EDTA,
pH 8.3) (all from Sigma, Madrid, Spain), using a denaturing gradient
ranging from 30% to 60% (100% denaturant contained 7 M urea and
40% formamide) (all Sigma, Madrid, Spain). Electrophoresis was
performed at 85 V under constant temperature of 65 C for 17 h.
The gels were stained in TBE buffer containing 0.5 mg/mL of
ethidium bromide (30 min), rinsed in distilled water and observed
under UV light. The bands were excised from the gel with a sterile
scalpel and the DNAwas eluted in 20 mL of sterilewater overnight at
4 C. One microliter of the eluted DNA was ampliﬁed again using
the primers HDA1 and HDA2 (Table 1). The ampliﬁed products were
puriﬁed in a Quantum Prep PCR Kleen Spin column (BioRad,
Madrid, Spain) and sequenced in a CEQ2000 XL DNA Analysis
System (Beckman Coulter, CA, USA). The resulting sequences were
compared with those in the GenBank database, using BLAST,
available at the National Center of Biotechnology Information
website (http://www.ncbi.nlm.nih.gov/).
2.5. Screening for virulence genes in L. lactis 69
Total DNA from L. lactis 69 was extracted using the commercial
Kit ZR Fungal/Bacterial DNA MiniPrep (Zymo Research, Irvine, CA,
USA), following the manufacturer's recommendations. Extracted
DNA was subjected to PCR ampliﬁcation of the following genes:
vanA and vanB (vancomycin resistance); ace (adhesin of collagen
protein); efaA (endocarditis antigen); asa1 (aggregation substance);
gelE (gelatinase); cylA (cytolysin); esp (enterococcal surface pro-
tein); hyl (hyaluronidase); hdc (histidine decarboxylase); tdc
(tyrosine decarboxylase) and odc (ornithine decarboxylase). The
primers for the ampliﬁcation reactions are described in Table 1.
Screening for vanA, vanB, ace and efaA genes was performed as
described by Martín-Platero et al. (2009), screening for asa1, gelE,
cylA, esp and hyl genes was carried out according to Vankerckhoven
et al. (2004) and screening for hdc, tdc and odc genes was per-
formed as reported by de las Rivas et al. (2005). DNA from
Enterococcus faecalis MMH594, harboring the target virulence
genes ace, asa1, esp, efaA, cylA and gelE, was used as positive control
(Shankar et al., 2001). Negative controls consisted of sterile milli-Q
water instead of DNA. The ampliﬁed products were analyzed by
electrophoresis on agarose gels in 0.5  TBE buffer, stained in
ethidium bromide (0.5 mg/mL in TBE buffer) and visualized under
UV light.
3. Results and discussion
Counts of halotolerant bacteria capable to grow in mediumwith
3% and 10% of salt are shown in Figs. 2 and 3, respectively. Imme-
diately after brine injection, the counts of medium and highly
halotolerant microorganisms were similar to control and test
samples. On the other hand, after the dry salting step (beginning of
charqui fermentation) and until obtention of the ﬁnal product, the
counts of both types of halotolerant bacteria were signiﬁcantly
lower (p 0.05) in charqui samples that contained L. lactis 69 when
compared to the control samples. The observed differences in the
Fig. 2. Average counts of halotolerant bacteria capable to grow in medium containing
3% NaCl (w/v), in samples collected during manufacture and storage of charqui up to 45
days.
Fig. 4. Average counts of lactic acid bacteria in samples collected during manufacture
and storage of charqui up to 45 days.
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cating the continuing antimicrobial activity of L. lactis 69 and
evidencing its potential application as an additional hurdle for the
control of spoilage in this meat product.
The average counts of LAB in the test and control samples during
manufacture and storage of charqui did not change signiﬁcantly
(p > 0.05) (Fig. 4). After injection of brine, counts increased one log
in the test samples as a consequence of the addition of L. lactis 69
(p 0.05), but after the dry salting step, the counts reduced one log,
so that the counts in control and test samples at this point of the
manufacturing process were not signiﬁcantly different (p > 0.05).
The counts in the ﬁnal product were approx. 106 CFU/g in both
types of charqui. The high counts of LAB throughout the
manufacturing of charqui conﬁrm that the meat undergoes a
fermentation step during processing, caused by the autochthonous
lactic acid microbiota (Pinto et al., 2002).
DGGE, as used in this study, was proven to be a suitable tool to
study the microbial diversity during the manufacture of charqui.
The resulting DGGE proﬁles of control and test samples are shown
in Fig. 5. The sequencing of the 16S rDNA V3 region ampliconsFig. 3. Average counts of halotolerant bacteria capable to grow in medium containing
10% NaCl (w/v), in samples collected during manufacture and storage of charqui up to
45 days.indicated that themicrobial diversity in the samples containing and
not containing L. lactis 69was similar. The predominant LAB in both
types of charqui were Lactobacillus sp., Streptococcus sp. and Lac-
tococcus sp. These genera prevailed in the initial steps of charqui
manufacture and were detected in all samples, including the ﬁnal
products. Concerning the halotolerant microorganisms, the pre-
dominant genus was Staphylococcus spp (S. saprophyticus and
Staphylococcus sp.), both in control and test samples, in all sampling
points, from addition of brine until the end of manufacturing.
Previous studies on the microbial diversity in fermented meat
products reported that LAB (mainly Lactobacillus spp.) and
coagulase-negative cocci (mainly Staphylococcus spp.) prevail in
these products, highlighting their importance in development of
their peculiar sensorial characteristics (Cocolin et al., 2001; Pinto
et al., 2002; Aymerich et al., 2003; Rantsiou et al., 2005; Fontan
et al., 2007; Albano et al., 2008; Tu et al., 2010). In counterpart,
DGGE did not detect halotolerant microorganisms in the raw meat,
indicating that they were absent or their quantity in the rawFig. 5. DGGE proﬁles of 16S rDNA V3 region, ampliﬁed from genomic DNA extracted
from the microorganisms in the samples along manufacture of charqui with and
without addition of bacteriocinogenic L. lactis 69.
Table 2
Screening for genes encoding virulence factors in L. lactis 69.
Gene Virulence factor Expected fragment size Result
vanA Vancomycin resistance 377 þ
vanB Vancomycin resistance 529 
ace Adhesin of collagen protein 1008 þ
efaA Endocarditis antigen 688 
asa1 Aggregation substance 375 
gelE Gelatinase 213 
cylA Cytolysin 688 
esp Enterococcal surface protein 510 þ
hyl Hyaluronidase 276 
hdc Histidine decarboxylase 367 
tdc Tyrosine decarboxylase 924 
odc Ornithine decarboxylase 1446 
þ, positive for the presence of the gene (electrophoresis proﬁle presented the ex-
pected fragment); , negative for the presence of the gene (electrophoresis proﬁle
did not present the expected fragment).
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ably their origin was the salt in the brine. DGGE also indicated that
the halotolerant bacteria from the brine became the predominant
microbiota in the ﬁnal product. These results indicate that the
presence of the bacteriocinogenic L. lactis 69 strain did not cause
qualitative changes in the microbial diversity in charqui during its
manufacturing, i.e., prevalence of LAB in the initial steps and their
replacement by halotolerant bacteria in the steps after the sun
drying. Addition of the bacteriocinogenic L. lactis 69 strain caused a
reduction in the counts of halotolerant bacteria, evidencing its
potential protective effect against spoilage. It is well known that
starter cultures can positively inﬂuence the microbial communities
in fermented meat products, inhibiting undesirable microorgan-
isms and improving sensorial properties (Villani et al., 2007; Lu
et al., 2010), but no previous study have shown that bacteriocino-
genic strains can inhibit halotolerant spoilage bacteria in fermented
meat products with high salt content.
The results concerning the presence of virulence genes are
summarized in Table 2. Only the genes vanA (vancomycin resis-
tance), ace (adhesin of collagen protein) and esp (enterococcal
surface protein) were present in L. lactis 69. There was no evidence
for the presence of the second vancomycin resistance gene (vanB)
or genes related to endocarditis antigen (efaA), aggregation sub-
stance (asa1), gelatinase (gelE), cytolysin (cylA), hyaluronidase (hyl)
or production of histidine decarboxylase (hdc), tyrosine decarbox-
ylase (tdc) and ornithine decarboxylase (odc). Checking for these
virulence genes in this strain was of foremost importance as
Enterococcus and Lactococcus are closely related, and enterococci
are often the causative agents of infections in hospitalized patients
and nosocomial bloodstream infections (Vankerckhoven et al.,
2008). Several virulence factors were already described in Entero-
coccus, such as ACE, proteins that facilitate the binding of Entero-
coccus spp. to collagen (Franz and Holzapfel, 2004), gelatinase,
usually associated with enterococci from clinical samples, but also
detected in strains isolated from dairy and meat products (Lopes
et al., 2006), and vancomycin resistance genes (vanA and vanB),
located in transferable plasmids (Courvalin, 2006). Results for the
tested virulence factors suggest that L. lactis 69 possesses low
virulence potential, favoring its application in food preservation.
4. Conclusions
The bacteriocinogenic strain L. lactis 69 did not affect the counts
and diversity of lactic acid bacteria during charqui manufacturing
and storage, but inﬂuenced negatively the populations of hal-
otolerant microorganisms, reducing the spoilage potential, sug-
gesting an interesting technological application as an additionalhurdle to inhibit the microbial growth in this and other fermented
meat products. Besides, L. lactis 69 did not present the majority of
the tested virulence genes, suggesting its safety for food
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